Along with being a first in Asia, Turbo Expo -held this year in Seoul, South Korea -will have another first in changing the format of the keynote from a lecture session to a panel session. Moderators will field questions from the audience and have the panelists answer. We have some exceptional high profile industry experts lined up to be the moderators and panelists. Bringing their expertise and experience, they will make this a worthwhile part of the conference. Do not miss your chance to join over 2,000 turbine colleagues from around the world who will take part in this! It will be held on Monday, June 13, with an awards ceremony followed by a luncheon, included with your registration.
Introduction and Purpose ASME International Gas Turbine Institute has a long and proud history of providing scholarships to students who show promise in the turbomachinery field. The aim is to attract young talent to the profession and reward their commitment, favoring their upcoming enrollment and active participation. ASME IGTI has supplied more than $1 million dollars to fund these scholarships over the years. In the 2016-2017 school year up to 20 scholarships at $2,000 each will be awarded. The scholarship is to be used for tuition, books, and other university expenses. The check will be made out to the university on the student's behalf. The student application deadline is June 15, 2016. Scholarship winners will be notified by the end of October 2016. Scholarships will be dispersed in November.
Eligibility of the Applicants
The nominee must be pursuing an academic degree (bachelor's, master's, Ph.D., or equivalent degrees) in an engineering discipline related to turbomachinery. Students must be currently registered at an accredited university (either U.S. or international). The university must have a gas turbine or turbomachinery program of some type, which can mean simply that a gas turbine or power course with a significant gas turbine or turbomachinery content is offered.
Application Requirements
The application package must contain: a) A succinct motivational letter (maximum 1 page) illustrating reasons that should lead to a positive decision by the selection committee b) The application form listing data concerning the eligibility of the applicant, duly signed c) A nomination form and recommendation letter by the applicant's academic supervisor, or by an industry professional involved in his/her studies. Student should follow up with nominator to confirm the packet has been sent to ASME. d) Any other document the applicant wishes to attach in order to support the application. (Proof of awards and honors, memberships in honorary or professional societies showing offices held, extra-curricular activities, etc.) The selection committee rewards brevity: valuable accomplishments are self-explanatory. Fill out the application form (https:// community.asme.org/international_gas_turbine_institute_igti/m/ mediagallery/8510/download.aspx) and send in one pdf to ASME at igtiawards@asme.org.
ASME IGTI Student Scholarship Program
The third edition of the ASME ORC Conference (http://www.asme-orc2015. be) was held in Brussels, Belgium, on October 12 -14, 2015, continuing the success of the previous editions. The scientists, industry practitioners, professionals, and government officials working in organic Rankine cycle technology who attended networked during the welcome reception, the Belgian beer tasting event, and the conference dinner, where they listened to a string quartet concert in the worldclass theater hall of the Hotel De La Plaza.
Conference Statistics
• Piero Colonna, Delft University of Technology, (chair of ASME IGTI) spoke about Mini-ORC turbogenerators. He explained that, as mini systems, they will be designed for standardized large series production. The first envisaged application is waste heat recovery from longhaul truck engines. The small capacity offers challenges and opportunities. The small and fast turbine is one such challenge. Options for this turbine and concerned research were addressed. Several new applications based on these miniature power plants were described, like distributed concentrated solar cogeneration, and ideas for the path forward were proposed.
Sylvain Quoilin, University of Liege, provided an overview of the state of the art and main research trends in ORC power systems. He highlighted and described a few relevant topics originating from the previous ORC conferences and from the scientific literature.
The ASME ORC 2017 Conference will be held in Milano, Italy! ASME 2015 ORC Conference
In its fourth year, the ASME 2015 Gas Turbine India Conference succeeded in bringing together the gas turbine professionals from academia, industry, and government including engineering students in India to the Hyderabad International Convention Center. Hyderabad is home to design and development centers of several multinational businesses engaged in gas turbine and allied technologies. This conference, held December 2-3, 2015, provided a unique opportunity for sharing knowledge, experience, and challenges among colleagues in the field of turbomachinery. The two keynote presentations were well attended: "Unsteady Flows in Turbomachines" by Om Sharma, senior research fellow at United Technologies Research Center (UTRC) and "Integration: The Key to Success in Defence Programmes" by Conrad Banks, chief engineer for the aerospace division of Rolls-Royce. One of the panel sessions covered the immediate demand for aircraft engines, due to the huge backlog of orders by airlines, and the future needs with new technologies in development. We would like to thank our platinum sponsors, GE and Rolls-Royce, our silver sponsors, ANSYS and Bharat Forge Limited, and our bronze sponsors, Hindustan Aeronautics Limited (HAL) and Quest, for supporting this conference. We also recognize the Gas Turbine India Conference Committee for the wholehearted and selfless volunteer hours that they collectively dedicated toward the successful technical program of the conference.
Continued from page 1
Gas Turbine Manufacturing in the Energy Age will be covered on Wednesday morning, June 15. The next industrial revolution in manufacturing is being forged at the intersection of physical and digital worlds. Next generation turbines will be engineered from cradle to grave in a virtual design space, enabling the design, manufacturing, and utilization of turbines to be optimized at an overall system level. This plenary session will explore that new industrial manufacturing renaissance and what's coming next.
Pre-Conference Workshops
Pre-conference workshops will be held at the COEX Center on Sunday, June 12, 2016, from 8:00 a.m to 5:00 p.m. Seize this opportunity to earn 7 Professional Development Hours (PDH's) and receive a certificate of completion. Consider attending one of the workshops and take advantage of the low registration fee. Registration is available online. For detailed information about the workshops visit: https://www.asme.org/events/turbo-expo/ program/workshops.
• Physics-Based Internal Air Systems Modeling • Technology and Applications of Gas Turbine Coatings • Uncertainty Quantification and Turbomachinery • Introduction to Gas Turbine Performance Modeling with GSP • Gas Turbine Aerothermodynamics and Performance Calculations
Are You Up to the Challenge?
Balancing cost, durability, efficiency, performance and time-to-market is a challenge. ANSYS productivity-enhancing engineering simulation tools enable you to meet the challenge.
Visit us at Booth #800 ASME Turbo Expo 2016 ASME 2015 Gas Turbine India Conference Fig. 1 , features close-coupled, rear-mounted turbofan jet engines, with the fuselage sculpted to sweep fuselage boundary layers into engine inlets for reduced fuel consumption.
NASA has defined environmental goals for future subsonic transport aircraft as a function of the technology generations beyond today's capability. The goals for long-term technology at three generations beyond today, N+3, include reduction in aircraft fuel consumption of 60% relative to a B737-800. To meet this goal for a 2035 entry into service, a new rear-mounted engine architecture is described here (and in more detail in [1] ), the result of conceptual design studies conducted by an MIT, Aurora Flight Sciences, and Pratt & Whitney team, and based on the original engine configuration developed by Pratt & Whitney [2] .
Design Space
The vehicle was designed for a mission that is representative of a B737-size aircraft. It has a twin-aisle "double-bubble" fuselage with two flush-mounted boundary-layer ingesting engines located at the upper aft fuselage (Fig 1) . As a result of the unique D8 aircraft configuration, as well as envisioned advances in aerodynamics, airframe materials, and propulsion, the estimated takeoff thrust size of the engines is 13,000 lbf (58 kN), half that of the current engine on a B737-800.
Aircraft engine overall efficiency can be considered to be the product of thermal and propulsive efficiency. To meet the aggressive N+3 performance goal, significant increases in both thermal and propulsive efficiency, compared to current engines, are required. Thermal efficiency is associated with the process of burning fuel to produce usable power. High thermal efficiency requires high overall pressure ratio (OPR), high component efficiencies, high turbine inlet temperature, and minimal turbine cooling air. Propulsive efficiency is associated with the process of converting the power output of the core engine to propulsive power. High propulsive efficiency in a subsonic transport aircraft requires low thrust per unit mass flow, implying very high bypass ratio with a large fan at relatively low fan pressure ratio (FPR). Fuselage boundary layer ingestion also provides a propulsive efficiency benefit in the concept engine. The target engine cycle for the N+3 engine had 50 OPR at cruise, FPR in the range 1.3 to 1.4, and BPR of 20 or higher.
Challenges
The N+3 engine design space of high OPR, low FPR, and small thrust size drives the engine design to a small core size, defined as the compressor exit flow corrected for exit pressure and temperature (lbm/s or kg/s). In these units the core size of our N+3 engine is about 1.5 lbm/s, a factor of 5 smaller than that of current engines for B737/A320 aircraft.
There is a direct correspondence between corrected flow size and the physical scale of the flowpath at the back end of the compressor. Existing engines in service show a change in architecture at a core size of about 3.5 lbm/s, from all-axial compressors to compressors that have a centrifugal rear stage. At this condition the blade height of the last airfoil in an all-axial machine is about 0.5 inches (1.3 cm). As the blade height goes below 0. the efficiency of an all-axial compressor decreases rapidly due to increased sensitivity to tip clearance and airfoil manufacturing tolerances. Current engines with CS < 3.5 and centrifugal rear stage, however, are limited to OPR less than 25 due to thermal-mechanical stresses in the impeller. A major challenge is thus how to (i) achieve 50 OPR and (ii) maintain high efficiency levels at 1.5 core size.
Another major challenge is associated with the D8 engine installation, with its two closely spaced engines located within the pi (π) tail. The FAA "1-in-20 rule" [3] concerns engine installation design guidelines to prevent loss of aircraft in the unlikely event of an uncontained turbomachinery rotor failure; a turbine disk burst in one engine should not cause shutdown of the other engine or damage the tail surfaces to the extent that there is loss of flight control.
Alternative Engine Architecture
The proposed unconventional engine architecture addresses both of these challenges. The concept engine has a high-OPR twospool gas generator that is aerodynamically coupled to the power turbine/propulsor in a reverse offset arrangement, as illustrated schematically on the right side of Fig 2. Conventional architecture for high BPR engines has the low pressure turbine that drives the fan located at the back of the engine, so the drive shaft must pass through the core. In the alternative architecture, the gas generator is not mechanically coupled to the propulsor, and the drive shaft connecting the power turbine to the fan does not pass through the core. This allows the core engine flowpath to be pulled inward to a smaller radius, enabling a larger blade height for a given flow area. Elimination of the power turbine drive shaft constraint allows us to push the design space boundary for an all-axial compressor to smaller core size at the target OPR and to operate within a feasible axial compressor rim speed mechanical design space. The alternative engine architecture also allows the cores to be oriented at an angle that keeps the adjacent engine, and the critical aircraft flight control surfaces, out of the burst zone, providing an effective means to address the 1-in-20 rule (Fig 3) .
In summary, the alternative engine architecture potentially enables a high-OPR all-axial compression system at small core size, while maintaining high compressor and turbine efficiencies. The concept engine also makes use of the reverse angled core to address the FAA 1-in-20 rule. It is noted that the reverse angled core engine concept architecture is only feasible at ultra-high BPR such that the core engine can be packaged within ducting positioned crosswise to the fan exit flow. Future studies would consider 3-D design of the high turning ducts and compressor design technology for reduced exit Mach number to further increase exit annulus height and reduce sensitivity to tip clearances. 
T U R N S

Iurbine
A S T H E
You may recall the words of Lewis Carroll's Alice in Wonderland walrus: "The time has come, to talk of many things: Of shoes -and ships -and sealing wax -." In a metaphorical sense, the design and operation of gas turbines depend on lots of "sealing wax." Seals abound in both aviation and non-aviation gas turbines.
At our TURBO EXPO '14 in Düsseldorf, there was an interesting paper [1] given on a new gas turbine shaft seal, called the pressure activated leaf seal and appropriately acronymed as PALS. Clay Grondahl, its inventor and coauthor of the paper, alerted me to its unique features and advantages. The PALS assembly is shown in Fig. 1 , but before we explain its operation, let us briefly review gas turbine seals in general.
The Seal Story
The extensive review of current seal technology by Chupp, et al. [2] , shows that most gas turbine seals don't seal -at least not completely -but reduce undesirable flows. Seal locations are primarily in engine mainshaft areas and in gas path locations. Seals are used to prevent oil leakage from engine bearings, to reduce tip leakage in rotor blading, and in general to reduce air leakage between high and low pressure components, both rotating and stationary.
How important are seals? By and large, an engine can't have sustained successful operation without seals. In addition, consider a simple economic example. Take the case of a large electric power gas turbine, whose annual fuel cost might be on the order of $100 million. A seal improvement in one location might increase engine efficiency by 0.1%, which is seemingly not large. However, that would result in a fuel savings of about $100,000 annually, and about $1 million for a fleet of 10 such machines.
Labyrinth Annular Gas Seals
Let us focus on the intended application of PALS, as an airto-air gas turbine rotor seal between stationary and rotating parts. This application is critical for both power generation and aviation gas turbines performance, where the goal is to minimize leakage between high and low pressure turbine sections (and the intermediate section, in the case of a three-spool engine).
Consider the labyrinth seal shown in Fig. 2A (taken from [3] ), fixed on a turbine case, separating high and low pressure regions, and suspended to provide a seal clearance to a large diameter rotor seal surface. Labyrinth seals, named for the maze-like structure in Greek mythology where the Cretan Minotaur dwelled, are widely used in turbomachinery, going back to steam turbine inventor Charles Parsons' machines in the early 1900s. There are many newer, more advanced seals (e.g. brush seals) which are treated in [2] , but labyrinth seals are still used extensively in turbomachinery.
The annular labyrinth seal in Fig. 2A has teeth (like a course comb) that form successive cavities. As leakage air flow passes from high pressure under each tooth, it expands in an irreversible process into the next cavity, so that a series of thermodynamic throttling processes occur, dropping its pressure, as it approaches the low pressure region. A tighter clearance gap makes the sealing throttling process more effective. 
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However, during actual engine operation the clearance gap can vary, as shown by the sketch in Fig. 2B . The rotor seal surface diameter increases in response to shaft speed and rising gas path temperatures. On startup and shutdown, the clearance gap can close down due to the changing engine conditions. Also, the center of rotation of the rotor seal surface may shift as shaft bearing lubrication varies or shaft vibrations occur. Asymmetric thermal growth of support structures and sudden load changes can lead to circumferential clearance gap variation. Inspection of used seals reveals that these effects result in tooth rub which wears away the teeth or deforms them. In some cases an abradable coating on the rotor surface is worn away. In all cases the clearance gap is irreversibly enlarged, leading to more leakage and reduced efficiency.
PALS to the Rescue PALS, shown in Fig. 1 , is designed to use changing pressure drop forces across the seal to eliminate rub. The seal elements stay clear of the rotor seal surface during startup and shutdown transients, and subsequently close to a small, non-contacting, steady state running clearance.
The seal elements, or leaf seals, are formed from the two layers of circumferentially slotted, wear-resistant alloy shim stock, as shown in Fig. 1 . The two slotted layers are imbricative, i.e. arranged a bit like overlapping shingles on a roof, such that each slot is covered by an upper or a lower leaf.
During startup or shutdown, when the axial pressure difference across PALS is small, the leaves are in a relaxed open position, providing a generous clearance gap for possible rotor seal surface eccentricities. At operating speeds, the resulting axial pressure difference causes the leaf element to elastically deflect and close, reaching the design clearance when they contact the support member shown in Fig. 1 . Fig. 3 [4] gives a good overall picture of a PALS operation cycle. As reported in [1] , test results show that the PALS concept provides for a potentially viable, robust, low leakage seal for gas turbine applications.
PALS Future
You may ask just how reliable is a leaf seal? As you read this, consider the multiple leaf seals in your own heart. Your aortic valve has three such leaflets, that open and close 50-70 times a minutehopefully, for many years. Their operation is governed by the same fluid dynamic forces as those in PALS. As the Turbine Turns... 
